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I.

INTRODUCTION

One of the most incapacitating and certainly
one of the most disconcerting of symptoms to·be
the lot of man is that of tremor.

With the first

written recording of this disability by Celaus
soon after the birth of Christ, its earliest recognition quite undoubtedly fades into antiquity.
However, despite the distinction of a place in the
earliest pages of medical history, and despite the
concern of centuries of physicians over its subjugation, tremor remains only little less of an
enigma to the medical practitioner of today than
it was to the ancient Roman.

Only now is the

mystery enshrouding this disorder being unraveled.
The universal failure of attempts at medical
control and treatment of tremor are well-known.
Under one circumstance or another almost every
medicinal agent known to the pharmacopeia--die~
tary, biologic and pllarmacologic--has been applied.
erely the range of therapeutic agents employed
attests to the medically refractory nature of
severe tremors--belladonna derivatives, benzedrine, metrazol, syntropan, cobra venom, pyridoxine, etc.

True, the record sheet of a parkin-

sonian tremor patient may bear the notation
proved11, but never

11

0ured.

11

11

Im-

Some clinics have

even resorted to a psychotherapeutic approach in
-1-

the treatment of obvious neurological syndromes
such as the parkinsonian states.

The experience of

practically all observers has been that these conditions are completely refractory to this type of
therapy.

Comparable disappointment was met in the

use of various physiotherapeutic measures.

Early

nonspecific surgical efforts aimed at the control
of tremor were on a focal infection basis and resulted, of course, in dismal failure.
Thus, the abject plight of the patient suffering from tremor today is almost as hopeless as
that of Celsus' patient.

The familiar picture so

often encountered is that of a relatively young
post.-encephalitic parkinsonian.

Would that he had

the boon of the intellectual deterioration attending so many other chronic diseases of the brain!
He is not that fortunate.

Rather he is so often

acutely conscious of his limitations--physical,
social, and economic.

He is painfully aware of

the uneasiness imposed by him on others and of the
reaction of his associates to his bizarre movements.

The psychic distress which develops with

such a frustrating disorder is self-evident.
Often the tremor is only one of a large complex of
symptoms.

The _impassive facies, sialorrhea, mood

depression, disorders of speech and writing, and
oculogyric crises attending parkinsonism, for
example, are familiar to all.
-2-

However, even with

these manifold distressing symptoms·, the patient
•

seeks above all else to be relieved of tremor, the
symptom which is least influenced by the recognized medical methods of management.

Indeed, many

sufferers even express a willingness to undergo
amputation of a limb in order to be freed of the
incessant rhythm.
Down through the centuries many a sufferer of
tremor has lived in a world darkening day by day.
Today, however, a ray of light is beginning to
filter through a rift in the clouds, a beam that
may some day flare into a golden sunset which will
see the unfortunate victim of the shaking palsies
again resume the satisfying life he once knew.
This new hope exists in the form of a knife in the
hands of the neurosurgeon.
Although undoubtedly an ancient art, cranial
surgery is but beginning to find its deserved
place in the realm of therapeutic endeavor.

It

was during the last quarter of the nineteenth century that Horsley initiated a renaissance of interest in the nervous system and established intracranial surgery on a firm basis (29).

Unfor-

tunately, however, his successors were incapable
of advancing this field, and by the turn of the
century the flame of enthusiasm for neurosurgery
lit by Horsley was burning very low indeed.

But

with the appearance in the New World of another
-3-

dynamic figure, Harvey Cushing, intracranial surgery began to rise and at the close of the war in
1918 was on its feet in this country even though
it admittedly toddled rather than walked.

In the

ensuing twenty years the techniques of Cushing
have been perfected and the profession and the
public have been educated as to the accomplishments of neurosurgery.

That phase of activity is

now largely completed and we seem on the verge of
another advance.

Standing expectantly on the

threshold of the realm of surgical possibilities
is the victim of the "shaking palsies."

I·
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II.

STATEMENT AND ELUCIDATION
OF TERMS

A clinical definition of the dysrhythmia with
which this paper is concerned will probably serve
as well as a complicated technical one.

Tremor is

a series of involuntary oscillatory movements due
to alternate contractions of opposing muscle
groups.

This does not include chorea, athetosis,

myoclonus, myokymia, or fibrillary twitching.

This

definition is simple and quite satisfactory.
Briefly, tremors may best be classified either
according to l.) their character, or 2.) their etiology.

In other words, a particular tremor may be

described and/or its cause may be indicated.

An-

other method of classification is that depending
upon the probable site of lesion within the central nervous system whence the tremor takes its
origin.

Since the entire matter of the source of

tremor impulses is still rather problematical, it
is better that this system of classification be
discarded.
spea_k of

II

Thus, it is probably erroneous to
striatal 11 ,

lar11, or of

11

11

cerebellar 11 ,

11

striocerebel-

red nucleus" tremors.

Clinical Tremor Types

In describing a tremor, the particular quali-5-

ties to noted are its rate of movement , regularity, amplitude , and its relation to voluntary
innervation , rest and emoticn .

The dysrhythmic

movements with which this paper is concerned will
be designated simply as being l) static , 2) kinetic ,
or 3) combined in type .
Static tremors are those occurring when the
affected extremity is not in motion.

They are

th o se known also as the tremors of rest or the
parkinsonian or striatal tremors . . They are rhythmic ,
moderate to large in amplitude as a rule , have a
rate of four to six oscillations ·per sec und , and
are diminished or abolished with movement.
are absent during sleep .

They

Very often there is a

definite rigidity or hypertonia present.

There is
II

often poverty of s pontaneous movement , but coor...
dination may oe fairly satisfactory.

However , not

all the tr emo rs customarily included under this
heading poscess all .these attributes.

The tremor

of progressive lenticular degeneration as described
by Wilson (79) is increased both by ~oluntary move-

ment and psychic stimuli.

These tremors character-

istically occur in parkinsonian disease , postencephalitic degeneration , hepatolenticular degeneration ,
and juvenile amaurotic idiocy.
Kinetic tremors are those appearing with
-6-

movements requiring cogrdination.

There is usually

a worse atactiform shaking on attempting any move~
ment.

These tremors are also known as intention

9r cerebellar tremors (28).

The movements are

slow (three to five per second) and irregular.
Both the rate and amplitude are increased by mental and physical activity.

They are diminished or

cease entirely in a relaxed or recumbent position
and are absent during_ sleep.

The _t_~:rminaJ tremor

described by Walker (73) is but a somewhat modified kinetic tremor.

It differs in that it is

more marked at the end of movement than at the
start or during the course of movement.
Combined tremors are those possessing the
characteristics, in a greater or lesser degree, of
both the above types.

Included in this group are

the striocerebellar tremor of Hunt (30) and the
red nucleus tremor of Ford (20).

This type of tre-

mor appears most characteristically in the course
of pseudosclerosis and more rarely in multiple
sclerosis.

Etioloty of Tremors

Although tremor may be attributed to a number
of factors, the exact and immediate cause of the
oscillations

i s still not clear.

Briefly, tre-

mors may be either physiologic or pathologic, and
-7-

it is with certain of the latter that this paper
will be concerned.

However, for the sake of com-

pleteness, the etiology of tremors in general may
be reviewed at this point to advantage.
Physiologic Tremors.

These are the involun-

tary tremblings to which everyone is normally subject, and are specifically those due to 1.) cold,
2.) fatigue, and 3.) emotion.

With the exception

of some work by Aring (3) on the mechanism of
shivering in the monkey, little or nothing is
known of the nature of these physiologic tremors.
The movements, as a rule, are quite fine and
rapid.
Pathologic Tremors.

The causes of these tre-

mors are various and manifold.

More specifically,

they may be due to:
a) Morbid psychologic states.

In turn these

may be subdivided as those based on:
1. Hysteria.

Schilder ( 65) recently

pointed out that upon moving the shaking
limb gently, the tremor disappears almost invariably.

This tremor should be

differentiated from that found in paralysis agitans.

The resemblance is

quite close.
2. Anxiety states.
3. Neurasthenia.
4. Traumatic neuroses .
-8-

The tremors occurring in these states
are generally quite coarse and respond
quite favorably to sedation and psychotherapy.

They are seldom cause for much

concern.
b) Metabolic disturbances.

The fine constant

tremor appearing with the toxic goitre is
familiar to all and is recognized promptly.
As yet, no experimental work has been done
to determine the nature and immediate
cause of the fine oscillations so characteristic of hyperthyroidism.
c) Intoxications.

Lead, mercury, manganese,

narcotics, alcohol, tobacco, etc., often
produce a tremor which usually disappears
upon removal of the offending substance.
d) Senility and arteriosclerosis.

These two

causes go hand in hand and are undoubtedly involved in the production of certain
cerebral changes which contribute directly to the production of abnormal movements.
e) Infectious diseases.

Central nervous sys-

tem changes occur in paresis and encephalitis.
f) Neoplasms.

Depending upon their location,

tumors may influence pathways somehow involved in the production of tremor.
g) Congenital defects.
-9-

h) Position.

Smith and Eaton (70) recently

described an orthostatic type of tremor
occurring only when the patient was standing still.

It was relieved promptly by

walking, sitting, or lying down.

They

were unable to determine an etiologic

factor.
After this brief etiological survey
it is quite evident that generally only
those tremors occurring on a vascular,
infectious, or some other degerative
basis, and producing definite central nervous system tissue changes, should be subjected to surgery.

The remainder are us-

ually minor in nature and often respond
quite promptly to other forms of treatment.

This paper will be concerned prin-

cipally with those tremors which fail to
respond to ordinary medical management
and which, in the light of recent neurosurgical discoveries, may be amenable to
the more "radical" methods of the surgeon.

~10-

III.

ANATOMICAL SURV~Y OF LEVELS PROBABLY

INVOLVED IN PRODUCING AND MEDIATING THE
ERVE POTENTIALS OF ALTERNATE MUSCULAR CONTRACTIONS.

The central motor apparatus which integrates,
releases, energizes, directs, inhibits, and otherwise controls muscular activities, is complex.
However, in order to appreciate the newer surgical
methods employed in the control of tremor, a brief
survey of the central motor systems is a sine qua
!!.Qll•

Roughly speaking, four categories of motor

pathways connecting directly or indirectly with
the motor cranial and spinal nerves which supply
the skeletal musculature are to be considered:
1. The cerebral cortex and its motor pathways,

2. The basal ganglia and their connections,
3. The cerebellar pathways, and

4. The motor paths within the spinal cord
itself.

The Motor Cortex and
Its Outflow

Of the large cortical layer covering the
cerebrum, only a very small portion is of interest
from the standpoint of the mechanism of tremor.
Of specific importance are the
-11-

11

motor 11 and the

"premotor" regions.

The term "premotor area 11 has

been used in the past synonymously with the "inter
mediate precentral 11 region, but adequate anatom1.
cal definition has not hitherto been given.

1S

:�...:_:;.:
,

.,

//

/ // /'
/

r,s 1. Motor Cort�)(

0f

Mdf).

Since these regions correspond roughly with
well-recognized cyto-architectural fields, Fulton
(23) suggests that the following conventions be

adopted, viz., that:

1. The "motor area" be restricted to the area
giganto-pyramidalis, i. e., Area 4 of

Brod.man, Foerster, and the Vogts.

2. The

11

premotor area", which is also motor

in function, includes area 6a (upper part)
-12-

of the Vogts, the posterior part being
designated 6~o/ and the anterior part 6a ,
3. The frontal association areas include
areas 9, 10, 11, and 12 of Brod.man.
Bucy (7) points out that the

11

motor 11 and

"premotor" areas are nearly identical microscopically except for the presence of the gigantic
pyramidal cells of Betz in area 4. Textbooks of
Neurology in the past always stated quite dogmatically that the "motor" area was the source of
tne 11 pyramidal 11 fibers and that the

11

premotor 11

area served as the fountain of flow for the "parapyramidal.11

That such is not the case has been

established quite firmly.

Bucy (7) remarks about

the overlapping of the two systems, the
pyramidal" being the more extensive.

11

para-

Von Mona-

kow found that only about two-thirds of the pyramidal tract fibers originated from the motor area.
(From 7)

Complete degeneration, in his experi-

ence, was obtained only on the removal of a cerebral hemisphere (cat and dog) or upon destruction
of the internal capsule.

Lassek (40) notes that

while the large motor cells in area 4 are con~
spicuous, they are not plentitul and could not
possibly account for more than two or three percent of the fibers within the pyramids.

The route

traversed by many of the fibers having their origin in the "motor area" through the internal cap-13-

sule and into the pyramids is quite familiar and
scarcely requires more than mention.

However, as

for the course of the other system, Siris (68)
states that

11

opinion 11 tends to favor the ret.io.u-

lar :t"ormation in the medulla as including the para.pyramidal bundles.
Recently, de Barenne and McCulloch (18) differentiated a very interesting portion of the
anterior motor area which they designated 4s.
Upon stimulation of this narrow strip of cortex
(see Fig. 1), motor response to electrical stimulation of area 4 was suppressed.

The investiga-

tors concluded that area 4s was intimately related to the parapyramidal system whose activity
is antagonistically related to that of the corticospinal system.

de Barenne, Garol, and McCul-

loch (19) suggested the existence of certain
cortico-atriatal connections by means of their
strychninization experiments.

Intoxication of

area 4 with . the drug fires the putamen and the
authors conclude that the

11

motor 11 cortex sends

axons to this portion of the striatum.

Similarly,

the investigators concluded that area 4s sends
axons to the putamen and to the external segment
of the globus pallidus but not to the nucleus
caudatus; and lastly, that area 8s, like area 4s,
sends fibers to the nucleus caudatus alone (18, 19).
The connection from the cortex to the nu-

cleus caudatus is simple and direct; the connec-14-

tion in the reverse direction is decidedly round

about via the thalamus (19).

The Basal Ganglia and Their
Connections
The second large motor comple�, composed of
· structures known even to Hippocrates and Galen,

has recently become the subject of extensive ex

perimental interest.

The basal ganglia are cellu

lar masses located at the base of the forebrain.
They consist of the putamen_, the caudate nucleus,
and the globua -pallidua.

Fig Z. Baso/

Of associate importance

Gang I /a

/fl }lori:zontal

are the

11

of /"'/an

Plane.

peduncular 11 nuclei comprising, in turn,

the subthalamic nucleus of Luys, the nucleus of
Forel's field H, the red nucleus, the substantia
nigra, the interstitial nucleus, and finally the
-1 5 -

reticular nuclei of the midbrain.
The striatum (Putamen and caudate nucleus) is
not connected by any well-defined fiber systems
such as connect to the nuclei of the dorsal thalamus (49).

The number of fibers traced into the

striatum after cortical lesions has always been
small (72).

Cortical connections to the putamen

are equa1ly difficult to demonstrate (72).

How-

ever, the experiments of de Barenne should be recalled (18, 19).

The main tract to the striatal

pathways is the corticonigral (49) (44).
The basal ganglia are connected in a descending direction through the peduncular nuclei
by two principle series of connections:

Those

descending from the corpus striatum and those
from the globus pallidus.
The corpus striatum gives origin to the striopallidal and strionigral fibers which synapse in
these nuclear masses (63)~ but Ranson states that
no convincing evidence that these fibers originate in the striatum has yet been presented (60).
These fibers may be nigrostriatal (60).

The sub-

stantia nigra, in turn, makes efferent connections to the tegmentum of the midbrain which then
connects to the inferior olive and finally to the
cerebellar cortex (49).

The substantia nigra

begins at the level of the subthalamic nucleus
and extends down to the level of the pons.
-16-

It is

imbedded for the most part in the dorsal surface
of the basis pedunculi.
The internal division of the globus pallidus
gives rise to most, if not all, of the fibers of
the ansa and fasciculus lenticularis.

The majori-

ty of the fibers end in the nucleus ventralis anterior of the thalamus (60) which in turn is connected chiefly with area 6 of the motor cortex.
Other pallidal efferents end in the field of Forel
and the subthalamic nucleus of Luys.

The field of

Forel sends a short tract of fibers to the red
nucleus (49).

The Ransons describe very large

numbers of fibers ascending from .t he substantia
nigra to the globus pallidus.

None could be

traced to the putamen or caudate nucleus.

1, .

The Cerebellar Pathways

The major afferent cerebellar pathways are
~

familiar and will require no review here.

However,

the circuit from the corpus striatum through the
substantia nigra, tegmentum, and olive should
probably be mentioned here again because of the

e

relative lack of emphasis placed upon it.

The

efferent fibers of the globosal, emboliform and

m

dentate nuclei pass into the brachium conjunctivum, decussate, and end in the red nucleas in a

I

lateral and forward manner and enters the middle

t

-17-

portion of the ventral lateral nucleus of the
thalamus.

This region of the ventral lateral

nucleus connects with the motor cortex.

These re-

lations suggest that the cerebellar discharge is
chiefly to the motor cortex through the medium of
the ventral lateral nucleus and to a lesser extent
to the pallidum through the central medial nucleus
and the med ial nucleus of the thalamus (49).

The Motor Paths of the Cord

In recent years it has become increasingly
evident that the pyramidal system is not the only
channel through which volitional impulses are able
to reach the primary motor neurons of the brain
stem and spinal cord.

The parapyramidal tracts

become especially interesting in the light of the
newer surgical procedures performed on the cord in
attempts to abolish tremor.

The exact location of

the rubrospinal, tectospinal, and other parapyramidal tracts in the medulla is not exactly clear,
but they are thought to be included in the reticular formation (68).

The anterior location of

these tracts in the spinal cord is quite firmly
established.

Fi gure 3 illustrates the location of

the tracts in the lower portion of the medulla.

-18-

/iedulla. of t1a.n

IV.

PATHOLOGICAL CHANGES ASSOCIATED
WITH TREMOR

Although it may be customary to discuss the
functional aspects of any problem before investigating the pathological changes which occus to
produce changes from normal function, it is probably well to point out, in this case, the changes
within the central nervous system which appear to
be related to tremor before discussing the mechanism and physiology of the abnormal movements.
The problem of the genesis of tremor will be discussed briefly in the succeeding section.

With

reference to the important problem of the seat of
pathological changes, it is to be observed that
cases presenting tremor as an important symptom
have disclosed at autopsy gross and microscopic lesions located singly or in combination in various
parts of the neocortex, caudate nucleus, putamen,
globus pallidus, zona incerta, amygdala, Forels 1
fields, thalamus, red nucleus, substantia nigra,
the pons, and the medulla.

As may well be surmised,

there is much uncertainty attached to the character of the pathological knowledge accompanying
tremor.

Often, necropsy material from cases of so-

called idiopathic and postencephalitic parkinsonism is occasionally encountered in which substantially no pathological lesions reconcilable with
-19-

the clinical picture axe discoverable (35).

In-

stances such as these severly confound the entire
matter of pathophysiological interpretation since
they necessarily challange whether valid deductions may be drawn from that material which by the
use of present histological techniques reveals
positive pathological changes.
Although the problem may appear somewhat
hopeless, fortunately there is some consistency to
be found in the type and location of the pathological changes found.

The mystery of the patho-

logy accompanying or causing tremor is beginning to
clear.

This is more true of the static than the

kinetic variety.

Alexander (5) points out that

there are essentially four different types of histopathologic changes which may produce tremor in
►--

man , viz., 1) Congenital malformations, 2) Primary atrophies, 3) Degenerative-necrotizing diseases, and 4) Neop lasms.

~

Alexander stressed an im-

portant point in discussing the primary atrophic
changes or abiotrophies which were responsible for
tremor in some cases.

~~

He pointed out that this

type of change may be easily overlooked unless
exact measurements are taken and cell counts are
made .

1:

Thus, lack of closer crutiny of autopsy

material may have been the factor largely responsible for some of the "hopelessness" in the pathophysiological interpretation of tremor.

~-

-20-

Davison

(14) closely scrutinized the pathological material
I

obtained in thirty-seven cases of paralysis agitans and quite surprisingly reported that all the
cases of tremor disclosed bilateral lesions of the
globus pallidus and substantia nigra, even where
the tremor appeared to be entirely unilateral.
Areas 4, 6, and 8 were involved to a slight extent
in a few cases.

From the cases of atherosclerotic

parkinsonism with tremor, but without rigidity and
with involvement of the zona compacta of the substantia nigra and sparing of the pallidum, Davison
finally concludes,

11

It is reasonable to assume

that lesions of the zona compacta of the substantia
nigra result in the characteristic tremor of paralysis agitans. 11

Destruction of the p.a..llidum and

substantia nigra was always partial and Davison
assumed that only partial destruction of these
structures may lead to tremor.

Both Davison and

Alexander appear to attach little or no importance to any changes appearing in the striate
body.

These findings are related to static tremor.
Bucy and Case (8) observed a reduction in the

number of ganglion cells in layers 3 and 5 of the
cerebral cortex upon microscopical examination of
biopsy material obtained in a patient upon whom
an operation was performed for relief of kinetic
tremor.
Hunt (30) states quite emphatically that the
-21-

important and essential lesion of the cerebellum
is an atrophy of the motor cells of the dentate
nucleus and superior cerebellar peduncles.

Holmes

(28) similarly emphasized the relation of organic
tremor to this same cerebellar mechanism, but it
is now well-recognized that the fundamental defect
symptom of a cerebellar lesion is asynergia (78),
and that kinetic tremor (which so often is present
with a cerebellar lesion) is not a distinct symptom of cerebellar deficit.

The knowledge of

pathophysiological associations is dependent
largely upon experimental work and will be discussed in the following section.
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V.

THE NEURAL MECHANISMS OF TREMOR

Recent advances in anatomy, physiology, and
clinical neurology relative to the cerebral cortex,
the basal ganglia, the thalamus and the cerebellum
have reached the stage which permits the removal
of some involuntary movements from the state of
chaotic ignorance in which they once ~xisted.

It

is now possible to co~rdinate what once appeared

to be bits of information into a unified intelligible explanation of some of these distressing
manifestations of neural disease and logica.lly to
predict the probable mechanisms of others.
It has been the opinion of most neurologists
that involuntary movements such as tremor represented the release of certain relatively healthy,
undamaged efferent neural pathways from the controlling or inhibitory influences of other neural
mechanisms.

But which mechanisms were released to

this abnormal hyperactivity, and the destruction
of which mechanisms resulted in that release have,
until recent years, been either accepted as complete enigmas or have been the subject of inadequately founded hypotheses.
It has long been recognized that lesions in
the various parts of the brain may produce tremor.
Yet, how these lesions operated, or whether they
bore any relationship to each other, and what were
-23-

their connections and the -nature of their control
over the unknown motor mechanism which was released by their destruction remained until now
little more than intriguing questions.

With this

newer knowledge, the facts are now beginning to
fall together like the pieces of an intricate
puzzle.
Before entering into an extensive review of
the physiological mechanisms which are responsible.
for tremor, it may be well to discuss and dispose
of the genesis of that symptom at this point.
As might be supposed, the theories are numerous,
and, since the

11

largely upon the

proof 11 of these theories rests
11

philosophical, 11 thorough inves-

tigation of this problem would in no way subserve
practical application and would therefore be quite
pointless.
classes:

The theories may be divided into two
1) The general and 2) the focal.

The

general theories may be further subdivided into
those of

11

irritation 11 or

11

release 11 •

Wilson (79),

expanding upon the concepts laid down by Hughlings Jackson, felt that the position held by
continental writers that tremor is caused by irritation of the extrapyramidal paths or the cortex
is not tenable.

He conceived of the symptom of

tremor as being released through damage to an inhibiting neural mechanism.

The two theories are

quite at variance with one another.
-24-

But, again,

which is the more likely is probably of theoretical importance only.

At any rate, the problem

has not been definitely settled even at this
time.

However, the "irritation" theory is now

again coming to the ascendancy with the new surgical discoveries (Section VI).
The focal theories are dependent upon the
correla-tion of clinical signs with pa tho logical
loci, and, as suggested in the discussion of
brain lesions above, any attempts to make definite correlation is to tread on somewhat shaky
grounds.

However, Davison (14) tentatively as-

cribes tremor to the zona compacta of the substantia nigra.

Riech (61) interprets tremor as "the

failure of a system comprised at least of the pallidus, red nucleus, dentate nuclei, inferior olives
and their connections to interact normally with
the pyramidal system."

Wilson conceived a tremor

as being the outcome of activity of a low grade
physiological mechanism released from a non-volitional prespinal center and found no reason to .implicate the cortex in its production.

Hunt (30)

regards tremor as particularly referable to the
pallidonigral system~

Again, whether a particular

organ is responsible for tremor, or whether a break
or an irritative point in a

11

system 11 is at fault

is still somewhat problematical from the point of

view of pathogensis.
-25-

Of greatest aid in the solution of the puzzle
of tremor are the experimental surgical procedures
which are being performed on the "pyramidal" and
11

extrapyramidal 11 systems of animals and man.

older clinical concept of

11

The

extrapyramidal" disease

which set the basal ganglia apart as a purely subcortical mechanism is wholly lacking in experimental support.

The newer concept of the extra-

pyramidal system
demands that the cerebral cortex
,
be regarded as the dominating level of extrapyraI

midal function, and that all motor systems from the
cerebral hemispheres, other than those passing
directly to the spinal cord, be considered extrapyramidal projections belonging structurally and
functionally to that motor system (35).
In order that the discussion of the tremor

I.

mechanism may not be clouded by mistaken notions,
it will be of value to point out beforehand that
static tremor or tremor at rest and kinetic or
intention tremor are not distinctly separable
identities.

Wilson (79) noted that in progressive

lenticular degeneration, tremor, although prominent in the resting stage, is "increased by voluntary action to a pronounced degree.

11

In other

words, the two mechanisms are quite intimately
related.

As a corollary, it may be intimated that

lesions of _various types and sizes and located at

varying points along the course of the two (or
-26-

I

more) systems may produce tremors of variable
character.

However, in order to facilitate dis-

cussion somewhat, the two main types of organic
tremor will be reviewed separately although not
entirely so.

Static Tremor

It may be fallacious to apply

11

post hoc, ergo

propter hoc" reasoning to the experimental results
obtained in attempting to ferret out the pathways
over which the impulses responsible for tremor
travel, but since no superior method has been devised, it is the one employed of necessity.

More-

over, efforts to conduct fruitful investigation
into the nature of static tremor have been handi....

capped by the inability to reproduce the clinically-encountered symptom in experimental animals.
Of course, to this must be added the previouslymentioned confusion concerning the precise seat of
pathological lesions considered to subtend static
tremor.

Another equally deplorable weak link is

the deficient knowledge of the functions normally
mediated by those neural structures most regularly
found to be the seat of pathological lesions.

The

possibility of a species difference in function of
the various parts of the central nervous system
must not be forgotten.
-27-

That the motor and premotor areas of the brain
are somehow involved is now accepted without reserve.

Wilson (79) expressed the belief that tre-

mor is a "phenomenon of low physiological order"
and thus is not capable of being produced by a
I

mechanism as high in the neurological heirarchy
as the cerebral cortex and the cor t icospinal system.

He accordingly found it necessary to fall

back on some other mechanisms to explain the abolition of tremors in parkinsonism in which _hemiplegia occurs (52).
lower motor neuron, a

He chose
11

11

diaschisis" of the

shock-like 11 condition which

no one seems to understand.

However, the extir-

pation operations now being performed on cortical
areas 4 and 6 dispel any doubt of the essential
nature of the cortex as part of the mechanism of

...

tremor.

(le) (37) (38) (58).

Tae effect is not

a non-specific one which may be attributed to any
part of the cortex (11).

The abolition of par-

kinsonian tremor by section of the pyramidal tract
established quite definitely the inclusion of the
corticospinal pathway along with a possible parapyramidal path (56).

As will be shown later,

static tremors may be favorably influenced by producing operative lesions in the head of the caudate nucleus, in the fibers of the caudal third
of the anterior limb of the internal capsule and
in the ansa and fasciculus lenticularis.
Since the classic experiments of Wilson (BO)
-2 8-

it has been generally agreed that electrical stimulation of the corpus striatum gives no primary
motor effects.

Freeman and Krasno (21) electri-

cally excited the caudate nucleus of the cat and
thereby inhibited movements initiated by cortical
stimulation.

Liddell and Phillips (41) demonstra-

ted that destructive lesions of the basal ganglia
in the cat produced a hypertonia.

Kennard and

Fulton (35) produced combined lesions of the cerebral cortex and basal ganglia in the monkey and
chimpanzee.

In the monkey, large bilateral le-

sions of the caudate nucleus, putamen or globus
pallidus produced tremor in all four extremities.
But, the tremor was of the kinetic type, appearing
only during complex movements.

If both the basal

ganglia were injured and areas 4 and 6 were re~

moved bilaterally, then tremor did not occur.

In

the chimpanzee, tremor of the action type occurred
only after both areas 6 and both caudate heads
were extirpated.

No tremor resulted from a uni-

lateral lesion.

The investigat-0rs concluded that

there must be a compensatory mechanism in area 6
which is related to the deficit produced by bilateral lesions of the basal ganglia.

In order to

reconcile these findings with those on human beings, Kennard and Fulton came to the conclusion .
that

11

there appears to be a species difference."
-29-

Their final statement was,

11

So, we cannot escape

the conclusion, which was originally expounded by
Kinnier Wilson, that involuntary movements of socalled striatal origin, or the ataxic movements
of cerebellar origin, arise in the last analysis
from an attempt · on the part of the cerebral cortex
to compensate for failure in subcortical ·mechanisms, be they cerebellar or be they striatal. 11
Echlin (from 34) removed an area bordering
on the precentral gyrus at the junction of area
6 and 8, which when removed caused cessation of the
patient's tremor. The removal did not include any
of the excitable precentral gyrus.
This review of the experimental work performed in attempts to solve the problem of static
tremor illustrates the paucity of worthwhile results.

It will be only with tongue in cheek

that an attempt will be made to represent in composite diagrammatic form the anatomical, patho- ·
logical and physiological findings reported.

With

several important changes, the diagram is modeled
after that of Buoy's (10) .
The inhibitory fibers arise from the precentral cortex and pass thru the cortico-nigral
pathway to terminate in the substantia nigra (10).
Since the substantia nigra is so regularly found
to be pathologically involved in cases of static
tremor (14), it is only logical that it be in-30-
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eluded in the scheme.

The . amazing relief from

tremor obtained by extirpation of the motor cortex points toward participation of this part of
the brain in the mechanism of tremor .

The main

fiber system between the two structures is the
corticonigral pathway (49).

ost of these fibers

probably arise in area 6 although area 4 contributes.

The globus pallidus is also often involved

pathologically (14).

Stimulation of the pallidum

during the course of cortically induced reaction
inhibited this reaction (45) and removal produced
tremor (34).

There are "large numbers of degen-

erating fibers ascending from the substantia nigra
to the globus pallidus" (60); however, none of
these fibers have·been traced to the putamen or
caudate nucleus as Bucy intimates in his diagram .
The connections between the pallidum and the striate body are well-known (60).

The vast majority of

the fibers of the ansa and fasciculus lenticularis
(the main pallidal outflow) run caudalward as far
as the field Hof Forel.

They then turn · dorsally

and laterally in the fasciculus thalamicus to end
in the oral part of the nucleus ventralis lateralis of the thalamus (60) (50).

The middle por-

tion of the nucleus is then ~onnected with motor
area 4 in the precerrtral cortex (49).
entire arc has been set up .

Thus, an

That this tremor is

not related in any way to the cerebellum was shown
-32-

by the fact that section of the superior peduncle
had no effect on this tremor in the monkey (35).
As a matter of completeness, the corticostriatal connections described by Dusser de Barenne,
et al., (18) is indicated.

(Broken-black).

Just

how important these fibers may prove themselves to
be, remains to be seen.

The return path to area 4

is probably via the main route thru the ventrolateral nucleus of the thalamus.
It is then the opinion of Bucy (10) that the
interruption of the system outlined above anywhere
along its line will result in abolition of its
suppressor mechanism and will allow tremor at rest
(static tremor) to be produced primarily by impul- _
ses passing by way of the pyramidal tract.
Probably the outline of this patho-physiological mechanism has been simplified in a manner
unjustified by the anatomical and physiological
circumstances.

This simplification is justifi-

able, if at all, on the basis of ready comprehension and of our present relative ignorance.
It is easily demonstrable that the various
parts of this system are intimately and intricately connected.

It is inconceivable that any one or

any group of centers is independently concerned with
these involuntary movements to the complete exclusion of the other centers.

However, the nature of

such inter-relationships, beyond those outlined
-33-

above, is at present quite unknown.

Kinetic Tremor

In contradistinction to typical static tremor which is present only during rest, kinetic
tremor -is present only with motion and has the
character of a coarse ataxia.
central organ of the

11

The essential

static component of the

efferent system" is the cerebellum (10), thus
the synonym

11

cerebellar tremor".

This relation

of organic tremor to the cerebellar mechanism was
similarly pointed out by Holmes (28) years ago.
This profound inco8rdination, first recognized

by

Florens in 1824, all investigators now accept as
pathognomonic of a cerebellar lesion. (Fulton, et
al., 22).

These same investigators believe this

symptom to be the chief sign of pure
deficit.

Weisenberg (78) points out:

11

cerebellar 11
"Tremor is

not a distinct symptom of cerebellar deficit.

The

defect symptom of a cerebellar lesion is asynergia.
Other symptoms are all the resultants of di~turbance of synergy. 11
Bucy (10) states that there is little doubt
that this disorder also is a release phenomenon,
except that the controlling inhibitory mechanism
here is connected with the cerebellum rather
than with the globus pallidus and the substantia
,..34...,

nigra as in the case of static tremor.
On the positive side, Walker (74) has concluded from his oscillographic studies on the
cat that the cerebellum, especially the neocerebellum, exerts a stimulating influence upon the
cortex, which may be the mechanism through which
the cerebellum normally maintains a coirdinating
influence upon volitional activity.

Walker then

'
explains the genesis
of cerebellar tremor thusly:

"The absence of this cerebellar dynamic influence
increases the threshold of the cerebral cortex,
and in higher primates at the same time releases
the peripheral musculature from the slight cortical stimulation which is probably the basis of
normal tone.

In these circumstances the cerebral

cortex must be set in action by an abnormally
strong excitation, one which on account of its
abnormal strength is apt to produce a response of
too great or too little intensity.

The lack of

tone of the peripheral musculatur e introduces another distrubing factor.

When this is summated

by the same abnormal reaction of the antagonists
which normally modulate the activity of the agonists, a physiological basis for the ataxia, tremor and dysmetria seen in cerebellar lesions is
apparent. 11
Experimental methods have been particularly
helpful in establishing the neural mechanism res-35-

ponsiole for tremor of tne kinetic or inte~tion
type.

It has oeen shown both by clinical experi-

ence and by experimentation on monkeys tnat "kinetic tre.nor" does not develop from destruction of
the cerebellar cortex (4) (73).

However, section

of the superior cerebellar peduncles was followed
by marked kinetic tremor (73).

The same type of

involuntary movement appears with complete decerebellation (22) (24 ).

Similarly, destruction of

the red nucleus or the ventral lateral nucleus of
the thalamus are produLtive of kinetic tremor (66).
Fulton {22) demonstrated a diminution of
kinetic tre .. or in the dece1·ebellate cat after re~oval of one cerebral hemisphere, although the
contralateral extremities were rigid.

In the

monkey, Aring and Fulton (4) showed that removal
of the principal excitable regions of the cerebral
cortex (areas 4 and 6a, upper part) subsequent
to severance of thP- contralateral peduncles
aoolished tre~or associated with "voluntary" move- _
ments in the affected extremities, despite the
presence of vigorous reflex movements.

¥urther,

relfloval of the pre.no tor car tex ( area 6a, upper
part) subsequent to the severance of the c::mtrala teral cerebellar peduncles ulti~ately causes
marked accentuation of cereoellar signs and oermanently Lnpairs 'the anLnal I s capacity to compen-36-

sate for the cerebellar deficit.

However, removal

of the frontal areas 9, 10, 11, 12, subsequent to
similar cerebellar section does not alter previously established cerebellar signs .
tigators came to two conclusions:

The inves-

First, that the

nervous mechanism involved in the phenomenon of
kinetic tremor lies in the excitable cortex, 4 and
6a upper part, of the cerebrum; Second, that the
premotor frontal lobe is most intimately concerned
in compensation for cerebellar deficit.
A similar cerebral relationship to kinetic
tremor was established in man by Bucy and Case (8)
who abolished a kinetic tremor by precentral cortical extirpation.
The most important and essential lesion of
the cerebellum which is productive of kinetic tremor is an atrophy of the motor cells of the corpus
dentatum (30).
In Summary, the particular parts which appear
outwardly concerned are the cerebral motor cortex,
the dentate nucleus, the superior peduncle, the
red nucleus, and the ventro-lateral nucleus of the
thalamus.

At once, this brings to mind the cere-

bro-cerebello-rubro-thalamo-cortical pathway which

is so familiar to the anatomist.

The numerous

fibers from the precentral region to the pontine
nuclei and further projection from these to the
cerebellar cortex and back to the dentate nucleus
-37-

are also well known, as is the forward projection

.

-

from the dentate nucleus, through the brachium
conjunctivum and the red nucleus to the ventrolateral nucleus of the thalamus (73) (49).

This

conjunctival radiation which leaves the forward
end of the red nucleus in a lateral and forward
direction enters the middle portion of the ventral
lateral nucleus of the thalamus.

This region of

the ventral lateral nucle.u s connects with the
motor cortex.

The cerebellar discharge to the

cortex is largely through this medium, (49). However, one small conjunctival bundle, instead of

.

terminating in the red nucleus, turns dorsally
to end in the central medial nucleus.

The cere-

bellar discharge may then pass into the pallidum
and into the ventral lateral nucleus of the thalamus. (50).

Papez also states that the thalamo-

cortical fibers which project upward from this
region of the ventro-lateral nucleus of the thalamus are distributed.largely to area 4 (49).

The

impulses then pass downward through the pyra,midal
pathway (56, 57) (25, 26, 27) (71).

Papez (50)

furthermore suggests the possible importance of an
additional pathway in this scheme, viz., a nigrotegmento-cerebellar path.

In other words, the

excitations are routed from the cortex to the
substantia nigra and then thru the tegmental nucleus of the midbrain and the inferior olive to
-38-

the cerebellar cortex (49).

There is, however,

nothing in the way of experimental or physiological evidence to warrant but passing mention of
this pathway as being of possible import in the
transmission of impulses productive of tremor.
The accompanying diagram {Fig . 5) is, again,
a modification of that which Bucy (10) believed
represented in a simple manner the route over
which impulses related to kinetic tremor were
mediated.

The inhibitory impulses arise from the

precentral cortex (areas 4 and 6) and pass through
the corticopontine

fibers to the pontine nuclei.

Thence, thru the middle cerebellar peduncle to the
cerebellar cortex where they synapse with the
large Purkinje cells.

New fibers synapse in the

dentate nucleus of the opposite side through the
brachium conjunctivum to the ventral lateral nucleus
of the thalamus and finally to the cortex.

The

two additional pathways suggested above have been
added and are indicated by broken black lines.
The parapyramidal fibers were added because
of the controversial importance of these fibers
in the spinal cord.
Bucy believes that when the mechanism outlined in this diagram is interrupted anywhere
from the dentate nucleus to the ventrolateral
nucleus of the thalamus and area 6 of the cortex,
there is a removal of inhibitory impulses from
-39-

I

the precentral cortex and that this results in the
association of kinetic tremor with all of the voluntary movements produced primarily by the activity
of the pyramidal fibers arising from area 4, and to
a lesser extent possibly by the activity of the
parapyramidal system.
It is again suggested that it is unlikely
that the above schematic patho-physiological outlines are complete.

But since, at the present

.time, the abnormal involuntary movements so common
to clinical medicine cannot be accurately reproduced in the experimental animal, more conclusive
correlations must await superior methods.
It is suggested that combined forms of tremor occur as a result of combined involvement of
the two systems.

Activation of the Effector
Mechanism in Tremor

Some of the more complex neuro-physiological
methods employed in the study of tremor have produced some interesting and, at times, unexpected
results.
Schwabb and Cobb (67) made an effort to discover the origin of the rhythmic tremor seen in
paralysis agitan·s by employing, simultaneously, an

electromyogram and an electroencephalogram.
-41-

The

investigators reasoned that if the tremor originates from a rhythmic discharge in the brain
strong enough to dominate the motor activity of the
individual, then certainly electrodes placed upon
the intact skull would record the discharges .
However, in none of the thirty-seven cases thus
examined were any cortical waves found to be syn~
chronous or in any sort of phase relation to the
tremor rhythm.

The investigators believed that

the data suggests that the tremor does not arise
I

in the cortex, but rather that it originates in
some nervous structure at a lower level.

Schwab

and Cobb consider the positive findings reported
by Jasper (33) as being artifacts.
In a study of muscular rhythms by means of
the electromyograph, tremor is found to consist
of rhythmic bursts of spike potentials with electrically inactive stretches between in the case
of static parkinsonian tremor.

However, in the

case of kinetic tremor occurring with cerebellar
lesions, there is no tendency toward synchronization and no true pattern (25, 26, 27).
Since the tremor response may be initiated
by the stretch reflex, Thorner (71) believes that
intact dorsal roots are probably necessary for the
occurrence of static tremor.

He regards this tre-

mor response to a stretch reflex as an
oscillation. 11

11

underdamped

Trejnor itself he views as an "under-42-

damped oscillating system which is sustained by
feed-back mechani sr.as. 11

It appears in the nervous

system in which elements of the normal damping

.

mechanism (the extrapyramidal system) have been
injured by disease.

It conforms to the laws ap-

plying to oscillating systems in general, and
predictions concerning it may be derived from consideration of these laws. 11

Whether this analogy

is entirely fitting is probably questionable.
There finally arises the question as to the
location of the center which is inherently endowed
with this synchronized rhythm and its relation to
the final common pathway.

Lindsley (42) believes

that these rhythmic groups of action potentials
and the periods of complete quiescence between
them indicate that groups of anterior horn cells
are being discharged rhythmically.

This rhythm

is not inherent in the anterior horn cells, for
if it were one might expect them to discharge independently and out of phase with each other, as
they do during voluntai·y activity •
However, the question of what determines
this rhythmic discharge still remains.

Pritchard

(54) implies vaguely that "the synchronous nature
of the discharge is due to an abnormal variation
in the influence of the afferent nerves to the
muscle on the discharge of the motor neurons."

Denny-Brown (16) makes a suggestion, based on an
-43-

observat~on by Byrnes (12), that the muscle spindles in patients with paralysis agitans undergo
degeneration.

He expressed the belief that the

muscle spindles produce afferent impulses which
pave an inhibitory effect, and, since this is so,
there would be no

11

damping 11 of the motor discharge,

and rigidity would ensue.

If only part of them

were degenerated, there would be an improper balance ~nd tremor would result.

Although this hy-

pothesis may sound logical enough, there are so
many observations not in harmony with it that it
is considered as being quite improbable (42) (43).
In view of the spontaneous nature of the tremors and the influence of emotional excitement in
initiating and modifying the tremors, Lindsley believes that rhythmic discharges arising in the
higher levels of the central nervous system are
responsible for the rhythmic phenomena observed
in the muscles.

Spontaneous and automatic rhythms

of the central nervous system have been observed
in the isolated brain stem of the gold fish by
drian and Buytendijk (1).

Adrian has also demon-

strated .similar rhythms in the isolated ganglia
of the water beetle (2).

Lindsley states, in view

of these findings, that perhaps it may not be "too
bold 11 to suggest that certain of the motor nuclei
in the basal ganglia are capable of spontaneous
rhythmic discharge.

These nuclei may discharge
_4..,.._

under the influence of lesions .

Cobb also be-

lieves that the general metabolism may influence
the frequency of the discharge of center (13) .
Lindsley finally concludes by stating that
whether the lesions commonly found in the brains
of patients wi'th tremors "release" motor nuclei of
basal ganglia from the control of each other or
from possible cortical influence is "impossible
to say."

-45-
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VI.

THE SURGICAL APPROACH TO THE

THERAPY OF TREMOR

Unfortunately, even today the cranial cavity
is widely looked upon as a

11

sancta sanctorum 11

with the admonition "Thou shalt not enter" labeled
on its door.

Craniotomy is approached with no

small amount of trepidation.

One is immediately

confronted with, "How dangerous is it?
the chances?

What are

What type of case may be operated?

Do only the young survive the operation? 11

In

order to dispel the gloomy doubts of the uninformed, the following figures are the results of
100 cases operated by Klemme (38) for the relie~
of the annoying dyskinesias of paralysis agitans
and athetosis:

Incidence

inl

Age

D~cades

·

Number

~-

10

4

10 - 20

10

20 -

30

22

30 - 40

16

40 - 50

. 17

50 - 60

23

60 - 70

8

1 -
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l

~

-

..

Resu lts
Class Right handed Left handedlBilateral I Total
1

38

7

13

58

2

4

5

13

22

3

5

3

6

14

4

0

2

4

6

47 ( x)

Total

17 ( y)

36 ( z)I

Class 1 - Complete relief
Class 2 - Occasional

0

ner vous" disturbance.

Class 3 - Occasional trem or under stress.
Class

4 -

Complete failur es.

(x) - 4 deaths

(y) - 3 deaths
(z) - 10 deaths

Mortality in Decades
ercent

Mortalitv -- Entire

I

Age

--

!!j,

Percent

1 - 10

0

0

10 - 20

0

0

20 - 30

1

5

30 - _40

1

8

40 - 50

5

29

50 -

60

8

35

60 -

70

2

25

1,h,'

Numb er
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100

Probably the earliest suggestions that tremor
might possibly be amenable to surgery arose from
the clinical observation that tremor was sometimes
abolished with the supervention of an apoplectic
stroke in cases of parkinsonism

(52).

The neu-

rosurgeon attempts to simulate the condition by
placing a second lesion in a position such as to
interrupt the neural circuit mediating the rhythmic
motor discharges.

Earlier Devised Procedures

Cervical ganglionectomies and sympathetic
ramisectomies have been carried out on the basis
of the suggestions arising from the experimental
work of Hunter (32).

In 1930, Pollock and Davis

(53) cut the posterior roots in a case of rigidity
and tremor of one arm.

The rigidity was dimin-

ished, but not the tremor which was altered in
amplitude and rate.

On the hypothesis that the

tremor and accompanying rigidity are of reflex
origin, Puusepp, in 1930, cut the column of Burdoch in a case of paralysis a gitans involving
one arm.
tremor.

The rigidity was decreased, but not the
Since these operations were founded on

faulty premises, they have been largely abandoned.
In their stead have risen newer procedures which
rest on a basis of physiology.
-48-

Recently Devised Procedures

At Level of Spinal Cord and Medulla.
Putnam (55), with the intention of interrupting extrapyramidal impulses to the lower motor
neurones, performed the first of a series of anterolateral cordotomies at the upper cervical se 6ments.

However, Putnam soon abandoned the oper-

ation as being inapplicable to the static tremor.
Recently, Siris (68) repeated the procedure, but at
a higher level ..

It was his opinion that the level

of section had previously not been sufficiently
high to interrupt the more cephalic neuromuscular
innervations.

To test this hypothesis he decided

to make an effort to secure interruption of the
pyramidal complex at a point in the brain stem
where it might be reasonably superficial and accordingly chose a point just cephalad to the pyramidal decussation (See fig. 1).

There was marked

diminution of tremor promptly following operation,
but with gradual reappearance.

Siris suggests

that the interruption was only physiologic and was
attributable to edema contiguous to the incision.
Putnam next turned to high cervical interruption of the lateral pyramidal tract (56, 57,
58, 59).

Since parapyramidal sections had no

apparent effect, Putnam deemed it quite reasonable,
therefore, that impulses traveling along the pyramidal tract were essential to the production of
-49-

tremor.
So far, Putnam has reported performance of
this operation in less then ten instances {56, 57,
59), and has selected only cases of unilateral
tremor.

With but one exception, the sufferers

were able to walk better than before the operation,
and the usefulness of the affected hand was so
improved that the patients were able to write,
handle a glass of water, and use the hand in dressing.

There have been no operative deathA.

Very

surprisingly, the strength is essentially the
same as before operation (56).

The deep reflexes

may be somewhat more active than before the operation, but no new pathologic reflexes appear.
The operation is relatively simple.

The

anesthesia, preparation, and laminectomy are carried out in the usual manner, preferably at the
level of the second cervical vertebra.

The dura

is opened slightly lateral to the origin of the
posterior roots.

On the blade of a small, sharp-

pointed knife the depth of 4 mm. from the point
is marked by a scratch.

The point is inserted

just lateral to the line of emergence of the posterior roots, with edge pointed outwards.

It is

inserted at an angle of 10° from the vertical and
then drawn laterally so that the point emerges at
the level of the dentate ligament.
-50-

No particular

soon replaced by violent myoclonic reactions.
patient died ten days post-operatively.

The

Needless

to say, this operation has not been repeated since.
At Level of Cerebral Cortex.
It is quite surprising that there should have
been a delay of almost half a century in applying
a method of treatment found to be effective in an
allied disorder.

In 1890 and again in 1909,

Horsley (29) described the removal of the corresponding area of the opposite precentral gyrue for
the relief of athetosis.

However, it was not

until 1936 when Aring and Fulton (4) demonstrated
experimentally the abolition of kinetic tremor
by extirpation of the precentral cortex that practical application of this procedure took hold.
Accordingly, Bucy and Case (8), in 1937, sought to
relieve a right-sided unilateral tremor by decor-

.

tication of the left "arm" region (area 4 and 6).
The tremor was due to severe craniocerebral trauma and was of the "combined" type, i.e., both
"static" and

11

kinetic 11 in nature.

Bucy and Case

were at first somewhat deterred by the earlier
intonation of Wilson (81) that tremor is

11

a pheno-

menon of a low physiological or~er not capable of
being produced by the cerebral cortex! However,
the work of Aring and Fulton, and the fact wellknown since the time of Parkinson that apoplexy

.

as followed by cessation of tremor suurred them
-52-

on.

Following operation a complete right hemi-

plegia and motor aphasia supervened.

The tremor,

however, was abolished by the procedure and has
remained so to the present time.

The speech func-

tion was later regained and the paralysis of the
face and leg largely disappeared.

I

A moderated~-

gree of bradykineais and ataxia of the arm appear
to be a permanent residua of the operation.
The fact that both types of tremor were re-

I

lieved by this procedure in this instance again
illustrates the point that kinetic tremor and
static tremor are not distinctly separable identities.
Of a second case, which was even more exten-

I

sive in that both extremities on one side were
involved and which was treated in a like manner,
I

Bucy ( 11) reports:

11

The tremor has never returned.

The hemiparesis has continued to improve.

He

walks for long distances with little difficulty
and without tiring.

Although he has considerable

control over the left upper extrPmity and the
grasp is strong, he can only use it for simple
things such as opening a package of cigarettes,
etc.

It has been possible for him to resume his

former occupation as a time keeper.

His entire

attitude and outlook have improved and he is in
search of better employment. 11

Thus, though there

was probably more paresis than before, the extre-53-

mities were more useful to the patient.
In the same year that s~cy and Case performed
their first precentral (areas 4 anct 6) cortical
extirpation, Klemme (37) (38) introduced the premotor (area 6) cortical removal for the treatment
of this condition.

The _statistical results are

those presented in the introductory lines of this
section.

Except for the six complete failures,

the group generally shows tremendous improvement
up to complete rehabilitation.

Klemme selects the

cortical route of approach rather than the cordal
because of the frequent involvement of the muscles
of the face and neck which would not be influenced
by spinal attack.
That there is a descrepancy between Klemme's
results and those obtained experimentally by Aring
and Fulton is obvious.
been given.

The reason for it has not

Probably it may be well to attribute

it to "species differences."

That the effect is

not a non-specific one which may be attributed to
extirpation of any area of the cerebral cortex was
established quite conclusively by the failure to
abolish involuntary movements after extirpation
of a cortical scar involving the lateral-occipital
region in the hemisphere contralateral to the
movement (11).

Bucy, in discussing cortical ex-

tirpation concludes with:

"It "has not been pos-

sible on the basis of any evidence disclosed by
-54-

these cases to draw any conclusions as to the
pathological lesion which is responsible for the
development of these involuntary movements."

More

extensive reports on Klemme's work are still forth·coming .

Treatment in cases of bilateral tremor

has been undertaken apparently only by Klemme.
Putnam (59) has also employed the cortical
approach in a few instances and presents a techniaue which is.relatively simple.

Morphine and

hyoscine are an effective combination for basal
anesthesia.

He lays the flap out in the customary

manner, avoiding pain by giv ing the patient sodium
pentothal intravenously.

After turning up the dura,

he maps out the representation of the body by
stimulation with a bipolar electrode and a HAtvard
coil .

The stimulation is begun at the anterior

edge and gradually carried backwards until a response is obtained.

Each region is then marked.

If the abnormal movement is still in progress,
then a direct experiment may be made to find out
how best to control it.
a spatula.

Pressure is exerted with

If there is no relief, the pressure is

repeated a little back.

When an area is found,

pressure on which regularly relieves the abnormal
movements , about l cc. of l percent procain is injected into the corresponding region, in as narrow
a strip as possible , and not deeper than l cm.
this maneuver results in a cessation of involun-55-

If

tary movements, the cortex may be excised.

Putnam

believes that in this manner damage to the cortex
and to the function of the corresponding extremity
may be minimized.
It is suggested that thermo-coagulation (17)
and freezing ( 39) methods may be employed to advantage here.
At Level of Basal Ganglia.
At the time of the most recent reports (1941),
eyers (47, 48) had extirpated the head of the
caudate nucleus in eight cases in an attempt to
abolish tremor.

From the etiologic standpoint

all may be described as cases of post-encephalitic and idiopathic parkinsonisrn.

One of the cases

also presented evidence of cerebellar disease.
The lateral ventricle was entered thru ihe
anterior por·tion of area 6 or through area 8 of
the cortex.

The head of the caudate was usually

removed en bloc and the fibers of the oral half of
the anterior limb of the internal capsule were interrupted in some cases and the subcallosal bundle
was interrupted in others.

In the desire to ob-

tain added information concerning the basal structures, some modification of the procedure was made
in every case.
Immediately, there arises the question whether
the cortical incision which ~eyers makes and the
operative procedure are not enough to injure the
-56-

projection fibers from the cortex and so produce
the physiologic result as is obtained with the
older operations.

However, infiltration with pro-

cain of the portion of the cortex with which he
works had no effect on the tremor.

Moreover, if

there had been subsequent interference with pyramidal fibers there would have been more disability than was seen in these cases.

Moreover, Put-

nam reported improvement in a patient with unilateral paralysis agitans who was subjected to an
operative procedure similar to that described by
eyers (59).

This case was of particular interest

since the tremors had not been benefited by a previous extensive ablation.
The

II

follow-up" reports of Meyers I cases in-

clude such phrases as:

"The patient is gratified. 11

"Her outlook on life is brighter.

Recently she

on a local bathing beauty contest for colored
girls.

~.

11

11

There was neither paresis nor dyspraxia

of the limbs.

No premotor signs. 11

is able to perform skilled acts. 11
one case as bing a

11

"The patient
Meyers reports

rank failure" .

Since so few operations of this nature have
been performed, it is quite impossible to evaluate
this procedure fully.

However, Meyers believes

that two observations seem supportable:

First,

that operations on the basal ganglia of man are
capable of being carried out without compromising
-57-

psychologica.l or somato-vegetative neural functions; and second, that extirpation of the head of
the caudate nucleus and damage to several of the
other elements in the complex known as the basal
ganglia do not result in the

11

release 11 of a number

of phenomena traditionally ascribed to the inherent
activity of an

11

old motor system 11 •

Relative ~erits of Present
Operative Procedures

From the standpoint of safety, the operations
at the level of the spinal cord generally carry a
lower mortality than cranial procedures.

Of the

latter, again, cortical extirpation involves less
danger to life.

Furthermore, the cord operation

has a greater degree of technical standardization.
With respect to the operations of cortical extirpation, Bucy and Putnam believe that a bilateral
i...

procedure is probably unjustifiable.

(However, if

"figures don't lie, 11 Klemme has received remarkable results showing the contrary to be true.)

••

If there is any circwnstance in respect to
which the operations on the basal ganglia may be
considered to hold an advantage over cord and cortical operations it is that of sparing the patient
further embarrassment to his motor, sensory, cogrdinative, and intellectual functions (48).
-58-

The

operation 6f cortical extirpation is evidently at
the greatest disadvantage with regard to the matter
of producing neurological deficits.
The principles that hold for elective operations in general are of course applicable here.
In brief, the patient's general physical condition
must be such to withstand the procedure.

Chrono-

logical age is of less moment in this connection
than physiological age.

Of course, the benefits

to be anticipated from operation should be commensurate with the risks involved.

Bucy warns,

"These

operations should not be advocated where the involuntary movements are so mild as to leave the extremity with a fair degree of usefulness and should
be reserved for those cases in which the involuntary movements are predominantly unilateral and of
such severity as to render the extremity useless
or to incapacitate the individual. 11

-59-

VI.

1.)

SUMMARY AND CONCLUSIONS

The probable neuro-physiological mecha-

nisms of the two chief types of organic tremor
have been presented.

It is suggested that

11

kine-

tic" and "static" tremor are not distinctly separable identities.
2.)

Generally speaking, recent surgical evi-

dence appears to favor an
than a

11

11

irritative 11 rather

release 11 mechanism in the production of

tremor.
3.)

Surgery has opened a new era in the

treatment of tremor.

-60-
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